Abstract: Nowadays, batch management systems (BMSs) are more frequently applied on a pig farm than traditional continuous production systems. But until now, little research has been identified about pig breeders' perceptions of BMSs. Therefore, a survey was built to assess advantages and disadvantages, perceived by producers of each BMS, focusing on biosecurity, management, and labour. The survey was completed by 45 farmers. Results revealed that 4-BMS and 5-BMS farmers were more satisfied about hygiene (P = 0.0060) and health conditions (P = 0.0225) on their farm compared with the other farmers. This could be explained by the need for only one farrowing room and the low number of batches required in both BMSs. Possibly due to this higher satisfaction about their biosecurity, a reduced piglet vaccination coverage (P = 0.0399) and more labour efficient management (P = 0.0101), were indicated by those farmers. However, almost none of those farmers indicated the absence of labour peaks in the list of advantages, probably because the weekly routines differ over weeks, unlike a 1-BMS and a 3-BMS. To conclude, this research provides essential information about farmers' perceptions concerning biosecurity, management, and labour for all BMSs, but these results need to be confirmed by quantitative biosecurity measurements.
Introduction
Today, the traditional continuous management, which involves weekly mating, gestating, farrowing, and weaning, becomes outdated for the modern pig breeder because labour organization and applying an all in/all out management are obviously challenging (Brown 2006; Martel et al. 2008) . Therefore, an increasing number of European pig breeders implement a batch management system (BMS) (Brown 2006; Mekerke and Leneveu 2006; Martel et al. 2008) . In a BMS, the herds at the farm are divided into several batches of sows in the same reproduction cycle, in such a way that mating, gestating, farrowing, and weaning are scheduled within fixed intervals. The interval between the weaning moment of two consecutive batches of sows determines the type of BMS; e.g., in a 3 wk BMS (3-BMS), the first batch of piglets is weaned 3 wk before the second batch is weaned. At the beginning of the introduction of BMSs, this 3-BMS was the most widely used BMS (Vangroenweghe et al. 2012) . Later on, other management systems, such as a 2-BMS and a 5-BMS, became more practiced (Vangroenweghe et al. 2012 ). The applied BMS is mainly chosen based on the number of sows on the farm and the farm infrastructure (Brown 2006; Vermeulen et al. 2017) . The characteristics of each discussed BMS are summarized in Table 1 . Furthermore, it should be emphasized that each BMS has some advantages and disadvantages that can be specified based on core concepts of the BMSs, such as biosecurity (e.g., health and vaccination coverage) and labour (e.g., labour schedule). For example, in a 4-BMS piglets are weaned early, which allows farmers to achieve better productivity, namely to have more litters per year, but can result in a reduced growth performance of the piglets just after weaning (Hoshino and Koketsu 2009; Vermeulen et al. 2016) . On the other hand, the health status on the farm can be improved by introducing a BMS (Brown 2006) . The reason is twofold. Firstly, an all in/all out policy can be introduced while applying a BMS (Brown 2006) . Secondly, applying a BMS allows to separate age groups. Mekerke and Leneveu (2006) suggested that the strict separation of age groups in a 4-BMS and a 5-BMS allows only one batch of sows in the farrowing room, which also might improve the health conditions and, consequently, also the growth performance of pigs on the farm. To test this hypothesis, Vangroenweghe et al. (2012) investigated the potential health advantages of farrow-to-finishing pig herds before and after a transition from a continuous management to a 4-BMS and a 5-BMS. They reported that applying a 4-BMS or a 5-BMS seems to postpone or slow down the seroconversion of pigs for some economically important pathogens, such as porcine reproductive and respiratory syndrome. Thus, the transition of a pig herd's management to a 4-BMS or a 5-BMS could have protective effects for the piglets and thus the herds' health status. Consequently, this can reduce the piglet mortality. In addition, Vermeulen et al. (2017) showed that more than 60% of the farmers who applied a 4-BMS or a 5-BMS indicated that high hygiene conditions are true benefits of their management system (Vangroenweghe et al. 2012) . Both better health and better hygiene conditions bring us to another core concept, namely the vaccination coverage. Postma et al. (2016) found that the antimicrobial usage decreases if a BMS is applied with a farrowing rhythm of 5 wk or more, which can result in a lower medication cost. In the latter case, the weaning age should be taken into account because it was found that antimicrobial usage increases when piglets are weaned at an earlier age (Postma et al. 2016) . Early weaning (≤21 d) is performed in a 4-BMS and a 5-BMS (Brown 2006; Vermeulen et al. 2017) . In addition to biosecurity characteristics, Lurette et al. (2008) and Martel et al. (2008) described the advantages concerning labour. They found that it is relatively easier to organize the labour and to plan ahead when a BMS is applied on the farm (Rydhmer 2000; Cabrera et al. 2014; Vermeulen et al. 2016 Vermeulen et al. , 2017 . However, to the best of the authors' knowledge, no research has been established to investigate the detailed perceptions of pig breeders about the biosecurity and management practices on their farm, while taking into account the labour organization to maintain their BMS. In short, the main goal of this paper is to compare the perceptions of farmers with different BMS concerning biosecurity, management, and labour characteristics of their BMS, based on a survey that was completed by the pig breeder while being accompanied by the same external expert.
Materials and Methods
The contact information of Flemish pig breeders with 80 sows or more were gathered by Dierengezondheidszorg Vlaanderen, Boerenbond, and the research group Dier&Welzijn KU Leuven. The lower limit for the amount of sows was required to prevent nonprofessional sow holders from being included in this research (Vermeulen et al. 2017) . A total of 45 Flemish pig breeders were contacted by email to invite them to participate in the study, which included completing a survey while being accompanied by an external expert who consulted the farm. These farmers were randomly selected out of all participants from the previous survey described by Vermeulen et al. (2017) . All those Flemish pig breeders agreed to participate in this study. Each farm was randomly visited between July 2015 and October 2015. During the consultation, the survey was completed and subsequently the technical bookkeeping program (Ceres, Cerco Soft, Belgium), used by the farmer to keep track of the technical administration and to complete the accountancy, was consulted to answer some of the questions. This entire procedure of completing the survey and consulting the administration of the farm was performed during all visits by the same external expert. Finally, all answers of all pig breeders were stored in an Excel sheet (Microsoft Excel 2013).
Survey
This survey was developed by Dier&Welzijn and Dierengezondheidszorg Vlaanderen and was revised by experts of Praktijkcentrum Varkens (Department of Agriculture and Fisheries, Government of Flanders, Belgium). The complete survey consisted of 482 questions. Closed and open questions were asked by which categorical and numerical data could be collected. The entire survey was divided into three parts. The first part of the survey consisted of 348 general questions and was mainly intended to obtain information about general characteristics, key figures, biosecurity, labour conditions, and applied BMS of the farm. A total of 158 questions were asked about general characteristics of the farm, such as the type of farm (categorical data: mixed or nonmixed, purchasing or breeding or selling piglets). In total, 63 of those questions had numerical answers and the remaining 95 questions had categorical answers. The key figures of the farm, such as the birth weight of the piglets and growth performance of the pigs (numerical data), were obtained by another 29 questions. Therefore, the accountancy data, recorded in an individual software program as already mentioned, were consulted. In this way, there was no room for discussion about the data reported in this survey. In addition, 109 general questions with categorical answers were posed about the biosecurity management maintained on the farm. A total of 74 questions were about external biosecurity management (e.g., supply of feed) and the remaining 35 questions were about internal biosecurity management on the farm (e.g., disinfection procedures). Based on those questions, 14 scores (minimum 0%; maximum 100%; numerical data) were calculated for each topic of biosecurity. For example, for the topic pest control, farmers had to indicate whether the doors on the farm were properly sealed when the doors were closed (Yes/No), whether necessary openings (window) were sealed with a wire mesh (Yes/No), whether the environment of the company was weed and debris free, whether there was pest control on regular basis, and whether rodents and insects were exterminated (Yes/No). If the farmers answered "Yes" to all questions, a score of 100% was received for that topic. Also, the farmers had to answer 23 questions about their labour scheduling. Only one question had a numerical answer and 22 questions had categorical answers. Moreover, the last part of this first section of the survey consisted of 29 questions (categorical data) about the applied BMS. In this last part, farmers were asked if they applied an alternating BMS or not (e.g., Yes/No) (categorical data). Alternating BMSs are sometimes introduced on a farm to systematically wean half a week earlier or later. For example, instead of weaning piglets at the age of 3 wk in a 5-BMS, piglets can be weaned at the age of 3.5 wk, which increases the weaning age. A drawback of an alternating BMS is that each group of piglets follows each other no longer consecutively in terms of weekly planning. In addition, work scheduling becomes more complex (Brown 2006; Vandermeersch 2016) . Furthermore, in the second part of the survey detailed information was obtained about the standard vaccination scheme of sows, gilts, and finishing pigs on the farm. This part of the survey consisted of 69 questions, of which 3 questions had numerical answers and 66 questions had categorical answers. For example, it was asked by a Yes/No question if piglets were vaccinated for porcine reproductive and respiratory syndrome, porcine circovirus-2, and enzootic pneumonia (categorical data). Subsequently, the percentage of the farmers vaccinating their piglets was calculated. If the farmer vaccinated his piglets 100%, the farmer vaccinated his piglets for all three vaccinations listed in the survey. Hence, an indication of the vaccination level could be calculated for piglets, gilts, and sows. Finally, the third part of the survey consisted of 65 questions and focused on how farmers experienced their applied BMS. All those questions had categorical answers. This part requested the farmers to indicate which disadvantages and advantages were applicable to their BMS. Therefore, 30 possible disadvantages were listed and for every listed disadvantage the pigs breeders had to select "Yes" if they experienced this aspect as being disadvantageous in their BMS or "No" otherwise (categorical data). A similar procedure was performed with 30 possible advantages. In other words, in the case where the farmer selected the item in the list of (dis)advantages as (dis)advantageous ("Yes"), one can make the conclusion that the breeder considered this item (dis)advantageous, and no conclusion can be made for the dual case ("No"). The listed disadvantages and advantages were about biosecurity aspects, management, and labour. Also, five questions about whether plans exist to switch their management in the future Note: BMS, batch management system; Ng, number of groups; Nc, number of compartments on the farm.
(Yes/No), the reason for this potential change (infrastructure, labour, increase group size of animals, or health and hygiene), and which BMS they would prefer in the future (categorical data). Apart from their current BMS, breeders had to indicate the most labour efficient and profitable management in their opinion (categorical data). By asking the latter 65 questions, the perceptions of the pig breeders about biosecurity, management, and labour characteristics of every BMS could be provided.
Statistical analysis
SAS version 9.4 software (SAS Institute Inc., Cary, NC, USA) was used to analyse the obtained data of the survey. Frequency analysis was performed for categorical data and a descriptive analysis was performed for numeric variables, namely the calculation of means and standard deviations. Furthermore, linear regression models (Y = bX + u; u, error matrix) were developed for continuous variable, extracted from the first and the second part of the survey (63 questions about the general farm characteristics, all questions about the key figures of the farm, the biosecurity scores and the calculated vaccination percentages), and were separately introduced in the model (Y, the known vector of the observations) with the BMS (categorical data with five categories: 1-BMS, 2-BMS, 3-BMS, 4-BMS, and 5-BMS) as the known matrix (X and b, the unknown vectors). Those linear regression models were performed to build distribution tables of the continuous variables for each BMS. In addition, by those linear regression models, significant (P < 0.05) associations between the BMS (categorical data) and the observed continuous variables could be investigated (Vermeulen et al. 2017) . Moreover, to analyse whether there was a significant association between the applied BMS (categorical data) and each question with a categorical answer, frequency analyses with a χ 2 test were performed. In this way, it could be investigated if the distribution of the answers to the questions differs significantly for each BMS. Those questions were extracted from all three sections of the survey. To accomplish this test, the assumption that the expected frequency for each cell is five or higher needs to be met, otherwise the Fischer's exact test has to be performed, which can be applied regardless of this assumption. In general, only significant associations were discussed in this manuscript. Associations between variables were only considered as significant at a 5% level of significance. In addition, the contextual knowledge was considered while analysing the statistical results, as suggested by Goodman (2016) and Wasserstein and Lazar (2016) . Thanks to these analyses, it could also be investigated if the farmer applied the BMS properly and if the data of the particular farmer was not an outlier, and consequently could remain in this research. One example could be the following; a farmer with a 4-BMS, who mentions that he weaned his piglets at 25 d, did not apply the 4-BMS properly because in a 4-BMS piglets should be weaned at the age of about 21 d. Table 2 presents the frequency distribution of the BMSs, applied by the farmers who completed the survey. This table shows that the number of observed farmers was equally divided among all BMSs, also in terms of alternating or nonalternating BMSs. Except, there were fewer observations for the 2-BMS. The results revealed that almost 89% of all farmers used their BMS for more than 2 yr and only one farmer applied his BMS (4-BMS) for <1 yr. A significant (P < 0.0001) association was identified between the applied BMS and the number of batches of sows. A 1-BMS requires the greatest number of batches of sows (mean ± SD; 20 ± 2), whereas a 5-BMS requires the lowest number of batches of sows (mean ± SD; 4 ± 0). In addition, significant associations between the BMSs and the weight (P < 0.0001) and age (P = 0.0007) of the piglets at weaning and the growth performance of the piglets (P = 0.0063) were identified. In a 4-BMS, piglets were weaned the earliest (58% of the 4-BMS farmers weaned at 20 d and 42% of the 4-BMS farmers weaned at 23 d) and those piglets had the lowest weaning weight (mean ± SD; 5.98 ± 0.44 kg). The lowest mean daily weight gain after weaning was measured for piglets in a 2-BMS (mean ± SD; 0.35 ± 0.04 kg) and a 4-BMS (mean ± SD; 0.35 ± 0.03 kg). Furthermore, no significant difference (P > 0.05) in degree of general satisfaction could be determined between all BMSs and no other significant associations (P > 0.05) between the questioned general characteristics, key figures and labour conditions, and the applied BMSs could be determined.
Results

Management and key figures
Vaccination scheme
No significant associations (P > 0.05) between the BMSs and the total percentage of vaccinations for parvovirus, porcine reproductive and respiratory syndrome, etc. received by the sows or by the gilts were calculated. On the other hand, the percentage of vaccinations received by the piglets was significantly (P = 0.0399) associated with the BMS applied on the farm. Results revealed that farmers with a 1-BMS vaccinated their piglets the least (mean ± SD; 33.33% ± 23.57%), followed by farmers with a 4-BMS (mean ± SD; 38.88 ± 12.97) and a 5-BMS (mean ± SD; 51.85% ± 29.00%). The greatest percentage of vaccinations was received by piglets bred in a 3-BMS (mean ± SD; 66.66% ± 28.86%), followed by a 2-BMS (mean ± SD; 55.55% ± 27.21%). No other significant associations (P > 0.05) could be calculated between the applied BMS and the answers of the second section of the survey. Table 3 lists all significant (P < 0.05) associations between the BMSs and the advantages and disadvantages, concerning biosecurity on the farm, that were indicated by the farmers who applied the BMS. This table shows that <12% of the farmers with a 1-BMS indicated the possibility to maintain a high health status on the farm in the list of advantages. Less than 34% of the farmers with a 1-BMS indicated the following advantage: possibility to have a sanitary period between consecutive batches. However, most of those farmers (89%) did not check the inability to empty the rooms between consecutive batches in the list of disadvantages. The opinions about the health and the hygiene status of the farmers who applied a 2-BMS were equally divided, except about the opinion to have a sanitary period between consecutive batches and to separate age groups. Approximately 17% of the farmers who applied a 2-BMS indicated both advantages as characteristics of their management. However, only 50% of the farmers actually marked the impossibility to introduce a sanitary period between consecutive batches and 33% of those farmers indicated the limited separation of age groups as disadvantageous. In addition, only 33% of the farmers with a 2-BMS checked a low disease transmission in the list of advantages. Furthermore, all farmers who applied a 3-BMS found the possibility to have a sanitary period between consecutive batches an advantage of their management. Also, nobody marked the impossibility to empty the rooms in the list of biosecurity disadvantages. Moreover, a high herd's health status was, according to 75% of the farmers who applied a 4-BMS, a benefit of their management. Also, approximately 58% of those farmers indicated that the high hygiene conditions at their farm were beneficial. In addition, the advantage to separate age groups was marked by approximately 92% and the advantage to empty the rooms between consecutive batches was marked by barely 8% of the farmers with a 4-BMS. Almost 67% of the farmers with a 4-BMS marked the impossibility to have a sanitary period, in the list of disadvantages. Finally, more than 66% of the farmers who applied a 5-BMS indicated all advantages concerning biosecurity as benefits of their management and almost nobody checked the disadvantages presented in Table 3 . Table 4 presents the significant (P < 0.05) associations between the BMSs and the advantages and disadvantages concerning management and barn equipment in each BMS. None of the farmers with a 1-BMS, a 2-BMS or a 3-BMS marked the advantage of the need for only one farrowing room. A high percentage (89%) of farmers with a 3-BMS experienced the disadvantage of the need for more farrowing rooms. On the contrary, the need for only one farrowing room was indicated in the list of advantages by approximately 50% of the farmers who applied a 4-BMS or a 5-BMS. Also, none of those farmers marked the disadvantage of the need for more than one farrowing room. In addition, Table 4 indicates that more than 77% of the farmers, using a 1-BMS and a 3-BMS, checked the possibility to easily reintroduce returning sows in the list of benefits. On the other hand, only 8% of the farmers with a 4-BMS and none of the 5-BMS farmers, pointed out this advantage. More than 66% of those farmers indicated the complementary disadvantage in Table 4 , namely the difficulty to reintroduce returning sows. Moreover, Table 4 illustrates that more than 50% of the pig breeders with a 3-BMS and a 4-BMS, found that their management system achieved optimal technical results. The opposite Note: BMS, batch management systems. Table 3 . Frequency distribution of the significant (P < 0.05) association between the indicated advantages and disadvantages of biosecurity aspects of the applied BMS, and the applied BMS on the farm.
Advantages and disadvantages Biosecurity
Management
Advantages and disadvantages (%)
Currently applied BMS Note: BMS, batch management system. conclusion was obtained for the 1-BMS because nobody marked the optimal technical results in the list of benefits. Approximately 67% of the farmers who applied a 3-BMS mentioned the big investment to set up and initiate their management system in the list of disadvantages, which was in contrast with the answers of the remaining pig breeders.
1-BMS 2-BMS 3-BMS 4-BMS 5-BMS
Labour
The significant (P < 0.05) associations between the BMSs and the advantages and disadvantages concerning labour are presented in Table 5 . The results of this table illustrate that labour saving was marked by 78% of the farmers who applied a 3-BMS, which was the greatest percentage among the BMSs. The opposite result was revealed for the 1-BMS because nobody indicated this characteristic in the list of profits. However, almost 78% of the farmers who applied a 1-BMS marked the advantage to spread labour and approximately 67% of those farmers did not experience labour peaks. Also, none of those farmers marked the advantage of longterm scheduling. On the contrary, long-term scheduling was a benefit for more than 83% of the farmers with a 2-BMS, a 4-BMS, and a 5-BMS. In addition, more than half of the farmers who applied the latter management systems marked the tight schedule in the list of advantages. Barely 8% of the farmers with a 4-BMS and none of the farmers with a 5-BMS indicated the absence of labour peaks. Also, none of the 4-BMS breeders and 22% of the 5-BMS breeders checked the advantage to spread labour. Finally, according to Table 5 , approximately 67% of the 4-BMS farmers pointed out that their management was highly demanding.
Discussion
The survey was completed by experienced pig breeders because all farmers had more than 80 sows and only one farmer applied his BMS for <1 yr (Vermeulen et al. 2017 ). These requirements ensured that nonprofessional pig breeders were excluded from the dataset. On the other hand, excluding those data means that the results of this study might not be applicable to Flemish farmers with <80 sows, because the bias of the estimator in the statistical analysis might increase by the data of those farmers. Furthermore, it was determined that farmers performed their BMS properly, and hence, the obtained data were considered to be reliable for scientific analysis. This was concluded because similar characteristics, as those described by Vermeulen et al. (2017) (Table 1) , were found in this study. In addition, similar associations between BMSs and key figures (e.g., weaning weight, growth performance, etc.) were calculated as those described in literature (Leliveld et al. 2013; Vermeulen et al. 2016 Vermeulen et al. , 2017 . Namely, farmers with a 4-BMS weaned their piglets at the earliest and farmers with a 1-BMS weaned their Table 5 . Frequency distribution of the significant (P < 0.05) association between the indicated advantages and disadvantages of labour characteristics of the applied BMS, and the applied BMS on the farm.
Advantages and disadvantages (%)
Currently applied BMS Note: BMS, batch management system. Table 4 . Frequency distribution of the significant (P < 0.05) association between the indicated advantages and disadvantages of the barn equipment and the management of the applied BMS, and the applied BMS on the farm.
Currently applied BMS Note: BMS, batch management system. piglets at the oldest age. As determined by Vermeulen et al. (2016) , a lower weight at weaning can result in a lower growth performance just after weaning, which was confirmed in this study. When considering the significant findings concerning vaccination and the indicated advantages and disadvantages for each BMS, the results show that farmers with a 1-BMS barely indicated the advantages of a high hygiene status, a high health status, and a low disease transmission. This could be caused by the fact that in a 1-BMS it is impossible to separate batches of pigs and to introduce a sanitary period (Brown 2006; Vangroenweghe et al. 2012) . However, <45% of the farmers experienced both characteristics as disadvantages of their management. Also, the fact that more farrowing rooms are necessary in a 1-BMS might influence the hygiene and health status of the pigs, although this was not reported in the list of disadvantages by the majority of those breeders (Vermeulen et al. 2017) . In general, the pig breeders with a 1-BMS pointed out that the hygiene conditions, the health status, and the disease transmission were not beneficial in their management system. To address this problem, antimicrobial usage and vaccination levels could be increased (Vangroenweghe et al. 2012; Postma et al. 2016 ). However, this was not found in the results. Even more, the lowest vaccination percentage was calculated for a 1-BMS. According to Postma et al. (2016) , this could be caused by the fact that older and thus more mature piglets are weaned in a 1-BMS. Another possible explanation can be found in the weekly routines of management practices (weekly insemination, farrowing, etc.) which characterise a 1-BMS and which could limit the farmers' time to vaccinate. However, nobody with a 1-BMS indicated their management as a labour intensive management. On the other hand, those weekly routines allowed them to spread labour, so labour peaks were minimalized but no long-term scheduling was possible. Another positive characteristic mentioned by the pig breeders with a 1-BMS was the ease to reintroduce returning sows. This could be explained by the availability of more than one farrowing room and the high number of batches of pigs (20 or 21) in a 1-BMS (Vermeulen et al. 2017) .
The opinions of the farmers who applied a 2-BMS about the health status of the pigs and the disease transmission and hygiene conditions on the farm were equally divided, but more positive compared with the experiences of the farmers with a 1-BMS. This reasoning could be explained by the difference in the opinion about monitoring the animal health status. Nobody with a 1-BMS indicated the possibility to intensively monitor the animal health status in the list of advantages, which could be due to the weekly routines, as already mentioned. On the contrary, half of the farmers with a 2-BMS found this characteristic beneficial. The latter determination can be twofold. Firstly, results indicate that farmers with a 2-BMS vaccinated their piglets more compared with piglets in a 1-BMS. Secondly, in a 2-BMS only 10 or 11 batches of pigs were used in the system, which was the double in a 1-BMS (Vermeulen et al. 2017) . A lower number of batches allows farmers to manage and monitor the health conditions on their farm, to work efficiently, and to introduce long-term planning, according to the percentages of farmers with a 2-BMS who indicated those advantages (Brown 2006; Vangroenweghe et al. 2012; Postma et al. 2016) . On the other hand, fewer batches on the farm could hamper the reintroduction of the returning sows, which was indicated in the list of disadvantages by 50% of the farmers with a 2-BMS.
Moreover, approximately 67% of the farmers who applied a 3-BMS suggested that they could maintain a high hygiene status on their farm. This hygiene status could be achieved by the sanitary period between consecutive batches and the possibility to separate batches, which were indicated in the list of advantages by the majority of those farmers. A high hygiene status on the farm could consequently result in a high health status and a low disease transmission (Vangroenweghe et al. 2012; Postma et al. 2016 ). However, this was not obtained by the results of this study, since barely 45% of those farmers indicated the benefits of a high health status and a low disease transmission. Also, approximately 89% of those farmers checked the presence of more than one farrowing room in the list of disadvantages. The latter three results could explain why piglets, raised on a farm with a 3-BMS, received the highest number of vaccinations according to this study. Furthermore, a drawback of a 3-BMS seemed to be its high financial investment, which might be caused by the need for more than one farrowing room, thus more infrastructure. On the other hand, more farrowing rooms could facilitate the reintroduction of returning sows. This benefit was indicated by 89% of those farmers and none of those farmers mentioned that it was difficult to reintroduce returning sows. Another characteristic of a 3-BMS is the need for fewer batches of pigs to complete the entire breeding cycle compared with a 1-BMS (21 or 20) (Vermeulen et al. 2017) . Fewer batches of pigs allow to spread the entire farrowing cycle (gestating, farrowing, and weaning) over 3 wk, instead of only 1 wk in a 1-BMS. The latter result might explain why those farmers were more positive about the long-term scheduling and labour saving and efficiency, compared with farmers with a 1-BMS. However, results indicate that a management system with less batches made it more difficult to spread labour, since less than 45% of the farmers with a 3-BMS, 4-BMS, and a 5-BMS experienced the benefit to spread labour.
Furthermore, a high health status was marked in the list of benefits by more than 75% of the farmers who applied a 4-BMS and a 5-BMS. Also, more than 50% of the farmers who applied one of those BMSs, indicated the high hygiene status, the low disease transmission, and the possibility to intensively monitor the health status of their animals. At first, this could be due to the fact that only one farrowing room was required in both management systems (Brown 2006) . This result was confirmed by more than 50% of the farmers who indicated this benefit. Also, no farmer with a 4-BMS or a 5-BMS mentioned the presence of more farrowing rooms in the list of disadvantages. A possible consequence of the need for only one farrowing room is the lower start-up investment for both management systems compared with the 3-BMS, as confirmed by this survey. However, the presence of only one farrowing room and the low number of batches used in a 4-BMS (5) and a 5-BMS (4) can make it more difficult to reintroduce the returning sows compared with the other BMSs, as confirmed by the results of this survey (Brown 2006; Vermeulen et al. 2017) . A second reason for the high health status could be the possibility to separate batches of pigs, which was beneficial according to those farmers. As a consequence of the high health, the hygiene status, and the low disease transmission, the vaccination pressure on those farms was low. The lower the need to vaccinate, the less money and labour need to be spent, which was mentioned in the list of advantages by more than 50% of those farmers. On the contrary, vaccination decreases outbreaks and consequently can also save labour and money (Laanen et al. 2014; Postma et al. 2016 ). Therefore, it should be mentioned that, although pig breeders are convinced about the positive effect of disease prevention and lower vaccination coverage, they generally have rather limited expertise in and understanding of biosecurity, as described by Laanen et al. (2014) . In general, more biosecurity advantages were marked by farmers who applied a 5-BMS compared with the percentages of advantages marked by farmers who applied a 4-BMS. This might be due to the sanitary period that could fit into the management schedule and which was pointed out in the list of benefits by approximately 89% of the farmers who applied a 5-BMS. In a 4-BMS, it seemed to be difficult to introduce a sanitary period since barely 8% of the farmers who applied a 4-BMS, mentioned this advantage and almost 67% marked the impossibility to have a sanitary period in the list of disadvantages. In addition, Postma et al. (2016) found a reduced antimicrobial usage in management systems with a five or more weeks farrowing rhythm of the herds. Consequently, this might explain why more farmers with a 5-BMS indicated the advantages concerning biosecurity.
Finally, it should be mentioned that not every characteristic of a BMS is related to the listed advantages and disadvantages in this study. The choice for a specific BMS also depends on other characteristics of the farm. Vermeulen et al. (2017) described that there is a significant association between the BMS applied and the number of sows on the farm; e.g., 4-BMS and a 5-BMS are generally practised on farms with more than 150 sows. In addition, the decision for a BMS depends also on the existing infrastructure of the farm (Vermeulen et al. 2017) . Because every pig breeder has its reasons to apply a specific BMS, no significant difference in degree of general satisfaction could be determined between all BMSs, investigated in this study.
In general, this research, which is based on descriptive analyses, provides insight into the perception by farmers of all BMSs about management advantages and disadvantages, labour efficiency, and level of biosecurity. However, it should be mentioned that these results are based on pig breeders' perceptions which means that being satisfied about the hygiene status on the farm does not mean a better hygiene status can be measured. Therefore, to confirm these results, quantitative biosecurity measurements, in terms of the health condition of the animals and the general hygiene condition of the farm, should be observed and measured as a complementary study to this survey. In this study, an economical comparison to achieve those better hygiene and health conditions should also be investigated. In addition, it should be mentioned that univariate analysis was used, which assumed that variables were linear related. Also, to test causal relationships between variables based on a previous determined assumption, a confirmatory analyse, named structural equation modelling, could be performed, as described by Toma et al. (2013) .
